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57 ABSTRACT

A starting assist control circuit for an electrodeless light
source in which a UV source for assisting in starting an
electrodeless lamp is coupled in series with the DC
supply for a microwave power source for the lamp so
that a reduced DC voltage is supplied to the microwave
power source at lamp starting. An electronic circuit is
provided which continuously decreases the DC current
through the UV source and increases the DC voltage
for the microwave power source in relation to the

amount of light generated by the electrodeless lamp.
More specifically, the emitter and collector of a transis-

tor are coupled across the UV source to provide a shunt
path and the potential of the base of the transistor is
controlled by a photosensitive resistor which senses the

amount of light from the lamp. As the lamp generates
increased light, the transistor becomes more conduc-

tive, thereby continuously decreasing current to the UV
source and increasing voltage to the microwave power
source. --

8 Claims, 3 Drawing Figures
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CONTINUOUS AUTOMATIC STARTING ASSIST

UV CIRCUIT FOR MICROWAVE POWERED
ELECTRODELESS LAMPS

CROSS-REFERENCE TO RELATED
- APPLICATIONS

A concurrently filed application entitled “Automatic .

Starting System for Solid State Powered Electrodeless
Lamps” bears Attorney’s Docket No. D-1243, Ser. No.
705,323, is assigned to the same assignee herein, and is
filed in the name of William H. McNeill, Paul O. Haugs-
jaa, Joseph Lech and Robert J. Regan. Also, a concur-
rently filed application entitled “Solid State Microwave
Power Source For Use In An Electrodeless Light
Source” bears Attorney’s Docket No. D-1241, Ser. No.
705,324, is assigned to the same assignee herein, and is
filed in the name of Robert J. Regan, Paul O. Haugsjaa
and William H. McNeill.

BACKGROUND OF THE INVENTION

The present invention relates to microwave excited
electrodeless light sources and, more specifically, to an
automatic starting control circuit for an electrodeless
lamp powered by a solid state microwave source.

There has recently been developed a light source in
which an electrodeless lamp is disposed at the ends of
inner and outer conductors of a fixture in which the
lamp forms a termination load for microwave power
supplied at the other end of the conductors. There has
also been developed various types of starting assist de-
vices for this type of light source. The need for a start-
ing assist is due to the high impedance mismatch be-
tween the lamp in the off state and the output imped-
ance of the power source which results in a low per-
centage of the forward directed power being absorbed
by the lamp. In one starting scheme, the fixture i1s made
to be in a condition of resonance at starting to increase
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the power absorbed by the lamp. In another scheme, a 4

UV light source is used to supply a flux of UV photons
to the lamp. Both schemes have functioned satisfacto-
rily in providing a starting assist. In both starting assist
devices, the operator must manually disconnect the
devices after the lamp is started. There exists a need for
automatic connecting and decoupling of these devices if
the electrodeless light source is to have enhanced versa-
tility. It has also been found that a solid state microwave
power source, when operated at its full rated power dc
supply voltage, can not tolerate running into large im-
pedance mismatches such as occur when the source is
coupled to a lamp in the off state. A means of control-

ling this supply voltage during the lamp start-up is nec-

essary.
SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
continuous increase in power applied to a microwave
powered electrodeless lamp from the initial turn-on
level to the full running power level as a function of
electrodeless lamp output and further to do so in such a
way to prevent the microwave power source from
being subjected to excessive standing waves due to
mismatched load impedances.

It 1s an additional object of the present invention to
provide an electronically controlled bypass around a
UV light source when its presence is no longer re-
quired, such as when the electrodeless lamp s running.
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According to the present invention, there is provided
a starting control circuit for use in an electrodeless light
source having a source of power at a microwave fre-
quency, an electrodeless lamp with an envelope made of
a light-transmitting material and a volatile fill material
emitting light upon breakdown and excitation and a
termination fixture having an inner conductor and an
outer conductor disposed around the inner conductor,
the lamp being disposed at one end of the conductors so
as to form a termination load for the microwave power
coupled to the other end of the conductors. The power
source includes a dc power source and a microwave
power source recelvmg the dc power for providing
microwave power in an amount related to the amount
of dc power, the microwave power source output being
coupled to the inner and outer conductors. A switch is
provided for controlling the application of dc power to
the microwave power source. In addition, a UV light
source is disposed near the lamp and coupled in series
between the dc power source and the microwave

power source to emit UV light upon activation of the

switch to assist in starting the lamp. The UV source
upon emission of light decreases the amount of dc
power applied to the microwave power source to re-
duce the output thereof. Accordingly, a device is pro-
vided for continuously decreasing the dc current
through the UV source and increasing the dc voltage
applied to the microwave power source in relation to
the amount of light generated within the fixture as the
lamp is started. The device for decreasing the current
and increasing the voltage includes a transistor device
coupled between the dc power source and the micro-
wave power source and across the UV source to pro-
vide a shunt path therearound whose impedance is a
function of the state of conduction of the transistor
device. A light sensitive device responsive to the light
from the lamp controls the conductive state of the tran-
sistor means to regulate the dc power to the microwave
power source in direct relation to the amount of light -

from the lamp.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawmgs

FIG. 1 is a diagram of a starting control circuit ac-
cording to the present invention;

FIG. 2 is an alternative embodlment of a startmg
control circuit; and

FIG. 3 is another alternative embodiment of a startmg
control circuit..

DESCRIPTION OF PREFERRED
EMBODIMENTS

In an exemplary embodiment of the present invention,
as illustrated in FIG. 1, there is provided an electrode-
less light source, represented generally by the reference
numeral 10. The light source 10 includes a source of
power at a microwave frequency. As used herein, mi-
crowave frequency is intended to include frequencies in
the range of 10 MHz to 300 GHz. The power source
includes a source of dc power, such as an ac source 12
whose output is coupled to an ac to dc converter 14,
and a microwave power source 16 which receives the
dc power from the converter 14 for providing micro-
wave power in an amount related to the output of the dc
power. The light source 10 has an electrodeless lamp 20
having an envelope made of a light-transmitting mate-
rial, such as quartz, and a volatile fill material which
emits light upon breakdown and excitation. A termina-
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tion fixture represented generally by the reference nu-
meral 22 has an inner conductor 24 and an outer con-
" ductor 26 disposed around the inner conductor 24. The
lamp 20 is disposed at one end of the conductors to form

a termination load for the microwave power, which is
‘coupled to the other end of the conductors. The source
16 preferably includes a solid state microwave oscillator

and a solid state microwave amplifier. Additional de-
tails of one suitable power source may be found in the
previously mentioned patent application entitled “Sohd
State Microwave Power Source For Use In An Elec-
trodeless Light Source.” The source described in this
apphcatlon includes an oscillator, in which a transistor
is the active element of a class “C” modified _Colpltts
type of common base oscillator, a transistorized class
“C” power amplifier, and an impedance matching cir-
cuit utilizing microstrip elements coupled to the output
of the amplifier and the conductors 24 and 26 of the
fixture 22 for providing an acceptable impedance trans-
~ formation from the fixture 22 to the collector of the
- power transistor and for providing a sufficient amount
of power to the lamp during the starting mode. The
output of the microwave power source 16 is coupled via
a transmission line 18, such as a microstrip, to the inner
and outer conductors 24 and 26. |

A starting control circuit, represented generally by
the reference numeral 30, has a switch 32 for control-
ling the application of dc power to the microwave
power source 16. A UV light source 34 is disposed near
the lamp 20 and is coupled in series between the dc
power source 14 and the microwave power source 16.

The source 34 emits UV light upon activation of the

switch 32 to assist in starting the lamp. Also, the UV
source 34 upon emission of light decreases the amount
of dc power coupled to the microwave power source to
reduce its output. According to the invention, a device
is provided for continuously decreasing the dc current
through the UV source 34 and increasing the dc voltage
at a point 36 for the microwave power source 16 in

relation to the amount of light represented at 38 gener- 40

ated within the fixture 32 as the lamp 20 is warming up.
This is accomplished by a transistor device coupled
between the dc power source and the microwave
power source 16 and across the UV source 34 to pro-
vide a shunt path around the source 34. The impedance
of the shunt path is a function of the state of conduction
of the transistor. Light sensitive means 40, such as a
photoconductive resistor, is responsive to the light 38

from the lamp for controlling the conductive state of

the transistor device to regulate the dc power to the
microwave power SoOurce. |

The transistor device includes a first transistor Q1
whose emitter and collector are coupled in series be-
tween the dc power source 14 and the microwave
power source 16. Transistor Q1 is also coupled in paral-
el with respect to the UV source 34. A biasing network
for the transistor Q1 includes the transistor Q2 whose
emitter is coupled to the base of Ql and whose collector
is coupled to the input of the microwave power source
16. A base biasing network for the base of transistor Q2
includes a resistor R1 coupled in series with the photo-
‘sensitive resistor 40 between the output of the-converter
14 and ground. The junction of these elements is cou-
pled to one side of a resistor R2 whose other side is
-_coupled in series to a resistor R3. The other side of R3

is .in turn coupled to the base of Q2. A capacitor C1

coupled between ground and the junction of resistors

R2 and R3 forms a shunt path around the base circuit of

4

Q2 for inhibiting transient variations in light output
from effecting the conductive state of Q2 and Q1.
The following describes the operation of the starting
.control circuit. Prior to the lamp 20 initiating light, the
5 walue of the light sensitive resistor 40 is such as to cause
the transistor Q2 to be non-conductive, the output volt-
age of the converter 14 being positive with respect to
ground. Q1 is also non-conductive at this time. After the
switch 32 is closed, current flows through the source 34
10 providing an adequate voltage at 36 to cause the power
source 16 to provide an output. The combined effect of
power source 16 providing some microwave power and
of the output of the light source 34 providing UV to
lamp 20 initiates the starting of the lamp 20. As the lamp
15 20 emits light 38, the resistance of the light sensitive
resistor 40 decreases, thereby forward biasing the base-
to-emitter junction of transistor Q2. As transistor Q2
becomes more conductive, the base-to-emitter junction
of transistor Q1 becomes forward biased, thereby caus-
20 ing a current path from the emitter to collector of Q2.
In another feature of the present invention, a device
which is responsive to heat generated within the termi-
nation fixture 22 is provided for decreasing current
through ‘the source 34 in relation to the heat in the
> fixture as the lamp is started and as microwave power 1s
absorbed within the fixture. In FIG. 1, the heat respon-
sive device includes a positive temperature coefficient
resistor 50 in series with the UV source 34, The resistor
50 is physically disposed in relation to the fixture so as
to have a value of resistance in direct relation to heat
within the fixture. As the lamp warms up, resistor 50
increases its resistance thereby decreasing the current to
the UV source 34. Also, as the level of light 38 in-
creases, the photoresistor 40 and the transistor Q2 cause
the transistor Q1 to conduct more, until a point 18
reached when Q1 saturates. When this occurs, Q1 essen-
tially becomes a short circuit across the resistor 30 and
“the UV lamp 34. The resistor 50 is by this time § very
large resistance and the UV lamp, due to lack of cur- -
- rent, is off. The full voltage from the dc converter 14 is
now.applied to the microwave power source and the
electrodeless light source 10 is running optimally. .
The following indicates the identification and value
of the various components shown in FIG. 1.
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37 ohms

R1 |
59K ohms

R2

R3 10K ohms

Cl1 3(#;!'
50 Q1 2N1531

Q2 ZN6040

Photoresistor 40 CLSMAL Clairex
- PTCR Sylvania MS-4000 series -
UV lamp 34 Tungstcn halogen mcnnducent

e | lamp

55 | |
FIG. 2 is an alternative embodiment of the UV lamp

circuit of FIG. 1 in which the positive temperature

coefficient resistor 50 is replaced by a normally closed

bimetallic switch 60. Switch 60 is physically disposed
60 within the fixture 22 and is made of two strips of metal
having different coefficients of thermal expansion. In
operation, when a certain level of heat is sensed by the
switch, it opens. thcreby inhibiting current flow to the
UV lamp 34,

FIG. 3 is another alternative embodiment of the UV
lamp circuit of FIG. 1 in which a normally open bime-
tallic switch 62 is coupled in parallel across the resistor
50 and the lamp 34. Switch 62 is physically disposed
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within the fixture 22 so that when a certain level of heat
is sensed by the switch, the switch closes. This embodi-
ment has the advantage of reducing the power con-
sumption of transistor Q1 when it is saturated.

-The embodiments of the present invention are in-
tended to be merely exemplary and those skilled in the
art shall be able to make numerous variations and modi-
fications of them without departing from the spirit of
the present invention. For example, the photocontroller
40 could be either a phototransistor, photocell or any
other light sensitive component which has electrical
characteristics sufficient to provide control of the ac-
tion of a transistor. Also, while in FIG. 1 there is shown
PNP type transistors, it is of course understood that the
same operation could be obtained with the use of NPN
type transistors with the photocontroller in the appro-
priate position for proper control. More specifically, the
positions of the photocontroller 40 and the resistor R1
would be interchanged. All such variations and modifi-
cations are intended to be within the scope of the pre-
sent invention as defined by the appended claims.

We claim:
1. In an electrodeless light source having a source of

power at a microwave frequency, an electrodeless lamp
with an envelope made of a light-transmitting material
and a volatile fill material emitting light upon break-
down and excitation and a termination fixture having an
inner conductor and an outer conductor disposed
around the inner conductor, the lamp being disposed at
one end of the conductors to form a termination load
for the microwave source coupled to the other end of
the conductors, a starting control circuit including:

a. the source including a dc power source and a mi-
crowave power source receiving the dc power for
providing microwave power in an amount related
to the amount of dc power, the microwave power
output being coupled to the inner and outer con-
ductors, -

b. switch means for controlling the apphcatlon of dc
power to the microwave power source,

c. a UV light source disposed near the lamp and cou-
pled in series between the dc power source and the
microwave power source to emit UV light upon
activation of the switch means to assist in starting
the lamp, the UV source upon emission of light
decreasing the amount of dc power coupled to the
microwave power source to reduce the output

thereof,

d. means for continuously decreasing the dc current
through the UV source and increasing the dc volit-
age for the microwave power source in relation to
the amount of light generated within the fixture as

the lamp is started,

e. transistor means coupled between the dc power
source and microwave power source and across the

UV source to provide a shunt path therearound
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whose impedance is a function of the state of con-
duction of the transistor means, and
f. light sensitive means responsive to the light from
the lamp for controlling the conductive state of the
transistor means to regulate the dc power applied to
the microwave power source in direct relation to
the amount of light from the lamp.
2. The circuit according to claim 1 further including
means for inhibiting transient variations in light output
from the lamp from effecting the conductive state of the

transistor means. |
3. The circuit according to claim 2 wherein the tran-

sistor means includes:

a. a first transistor whose collector and emitter are
coupled in series between the dc power source and
the microwave power source and in a parallel cou-
pling relationship with respect to the UV source,
and

b. base biasing network means for the first trans1stor,
the network having a second transistor whose emit-

ter and collector are coupled between the dc input
of the microwave power source, and the base of the

first transistor and a resistive bias means for the base
of the second transistor, the bias means including a
photosensitive resistor for controlling the conduc-
tive state of the first and second transistors.

4. The circuit according to claim 3 wherein the light
transient inhibiting means includes a capacitor forming
a shunt path with respect to the base of the second
transistor for inhibiting light output transients from
effecting the conductive state of the transistors.

5. The circuit according to claim 1 further including
means responsive to heat generated within the fixture
for decreasing the dc current to the UV source in rela-
tion to the heat in the fixture as the lamp is started and
as microwave power is absorbed within the fixture.

- 6. The circuit according to claim § wherein the heat
responsive means includes a positive temperature coef-
ficient resistor means coupled in series with the UV
source and physically disposed in relation to the fixture
so as to have a value of resistance in direct relation to
the heat sensed thereby. *

7. The circuit according to claim § wherein the heat
responsive means includes bimetallic switch means cou-
pled in series with the UV source and physically dis-
posed in relation to the fixture so as to decouple dc
current to the UV source when the temperature reaches
a predetermined level. -

8. The circuit according to. clalm 5 further including
bimetallic switch means coupled in parallel with respect
to the series coupling of the UV source and heat respon-
sive means so as to provide a shunt path around the
transistor means when a predetermined temperature 1is

sensed within the fixture.
£ % % % %
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